Test of a model propeller with symmetrical blade sections by LESLEY E P
IuATmALAWW?YCwm’TE.. FMAERWMWW sE~2/3192G.-
.
-==5---’
f
.
NATIONALADVISORYCOMMITTEEFORAERONAUTI(X3
NO=246
TESTOFA MODELPROPELLERWITHSYMMETRICALB ADESECTIONS
By E. P. Lesley
StanfordUniversity
FUJI COPY
r(lb~l’wJrn&jto
the flies of the LangIcy
IMemqrialAeronautical
Laboratory
,
Washington
September,19261
,
.“{
https://ntrs.nasa.gov/search.jsp?R=19930081061 2020-03-17T04:21:46+00:00Z
. . .
.. .,
.: .. ... ... . . .
-.-:~.: *..-.:T
.
..,, . . .
---
FATIONALADVISORYCCWITTEZFORAERONAUTICS” - ‘-”““’
TECHNICALNOTENO.246.
TESTOFA MODELPROPELIJZRWITHSYWETRICALIBLADESECTIONS
By 2. P. Lesley.
Thisreport,prepared
Summary
at thereq:~estof theNational
AdvisoryCommitteeforAeronautics,givestheresultsof tests
on a modelpropellerWving blade=ectionswithformof G&tin-
genairfoilNo.409. Themodelisshowntokve a dynamic,
pitchpracticallyequalto thenominalor geometricalpitch,
anda somewhathigherefficiencybut lowerpowercoefficient
thanwouldbe expectedofa propellerofmoreconventional
sections.
TestPropeller
.
Theformof thetestpropelleris shown-intheaccompany-
.-
ingFig.1. As maybe seen,theplanformis t+t of the
‘StanfordUniversityLaboratoryseriesdesignatedas AIF=
(ReferenceI). TheelevationiSsymmetrical,and thesections,
exceptforthe411and711radii,are”&ttingenairfoilNo.409,
(Fig.2). The sectionsare thuspractically
thechord;thelowercamber,drivingfaceof
beingslightlytheflatter.
&ymmetri@labuut :
.-
thepropeller,
1
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In orderthatthemodelpropellermightbe strongand
.
--
rigidenou~hfor testingpurposes,thesectionsat the4[fap.d
.-.
7[1radiiweremadethickerthantheG~ttingenairfoil.Forthe
4i1radiussection,itwasat firstplannedto add100~to the
ordinatesof theairfoil,andforthe71’radiussection,20~.
,.
However,in ordertoproducea fairand smoothform,gradually
changingfromtheG&tingenairfoil,at the101’radius,to the
hub,modificationsof theoriginalplanto thedimensions
showninFig.1 wereadopted.
Themodelwasmadeby carvingfroma stickof sugarpine,
builtup oflaminations111thick,hotgluedtogether.Thelam-
.
inationswereplacedinplanesparallelto theaxisof the
&
propellerandwerethusat Tightanglestotheusualposition.
l Thisarrangementhasbeenfoundto givegreaterfreedomfrom
warpingthanif themodelsare carvedfroma single
if thelami~t’ionsareplacedas usual, parallelto
of rotation.
stick,or
theplane
Themodelwasgivenseveralcoatsof orangeshellac,each
coatbeingrubbeddownwithfinesandpaper,anda finalcoat
ofpreparedwax. Thesurfacewas
Tests
t?mssmoothandpolished.
Theusualtestswereconducted.Witha windvelocityof
‘ from53to 57 feetper second,themodelpropellerwasdriven
f at suits’oleangularvelocitiesto developa seriesof thrusts
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fromzeroto 33pounds.To securedataforgreaterSlipthan .
obtainableundertheseconditions,thewindovelocitywasreduced.
Theobservedandcomputedatafor thetestsaregivenin ._._
TableI. In thistable,as wellas inTables11andIII,the
followingnotationisused:
m?2/z
p ,=
v=
n=
T =
Q=
.
D =
.
Ct =
l
CP =
= D~ynamicpressureofwindstream- lb.persq.ft.
Massdensityof air- pound,foot,second,units.
Velocity- feetpersecond.
Revolutionsper second.
Thrust- pounds.
Torquemoment- pound- feet.
Diameter- feet.
Thrustcoefficient= T
Pn2D4
Powercoefficient= & where P
absorbedin
Efficiency
Thevaluesof Ct
p -n3 ~5
footpoufisper second.
(thrustcoefficient),~
ficient),and q (efficiency)areplottedinFig.
.
ispower
(powercoef-
3. Consist-
entcurvesaredrawnrepresentingwhatappeartobe themost
probablelawsofvariationof thesecoefficientswith V/nD,
undertheconditionsof thetests.
Sinceit‘~sdesiredto comparethe resultsof thesetests\
withthoseforpropellersNo.3 andNo.2’7of theStanfordLab-
P
oratoryseries,datafromtestsconductedin1917and1918are .
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v
giveninTablesIIandIII. Thesemodelswerenot
forretestat thetimetestswereconductedon the
4
.
available
syfmnetrical
sectionmodelNo.3, havingbeenbadlydamagedinan accident
andNo.27 lost. However,recenttestsof othermodelsgive %
practicallythesameresultsas testsin1917and1918,and it
is thereforeassumedthattheearlytestsonNo.3 andNo.27
aresufficientforthecomparisonwiththesymmetricalsection
model. ThecoefficientsCp, c-t,
showngraphicallyinFigs.4 and5.
Discussion
and q forthesetestsare
As wouldbe expectedfromtheaerodynamicharacteristics
l of thesection,thesymmetricalsectionpropellerhasa dynamic
.
pitchpracticallyequalto thencminalor geometricalpitch.
The efficiencyseemsunusuallyhighfora propellerwitha
dynanicpitchratioof .89. Fromtestsofmodelsof theU.S.
NavyStandardplanform,itappearsthata maximumefficiency
of about78%maybe expected,fora dynamicpitchratioof .9,
withpropellershavingmoreconventionalsections(Reference
2)l On theotherhand,thepowercoefficients(Cp) forthe
symmetricalsectionmodelareconsiderablysmallerthanthose
forpropellersofmoreusualformand of thesamedynamic
pitch.,
Comparedtopropellers3 and27, itmaybe seenthatthe
~.
—
symmetricalsectionpropellershowsconsiderablyhighereffici-
.
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encyovertheusualworking
246“
rangeof V/nD. A difference
5
of
thisnaturewouldbe expected,however,betweentwopropellers
havingthesamesectionsbut differe:~ticiynanicpitch.
Thepowercoefficientsforthesymmetricalsectionpropel-
lerarei~uchsmallerthanthoseforpropellersNo. 3 andifo. 27.
But here,as withefficiency,thedifferencemaybe mainly
,
A
.
chargedtodifferencein
Forthesymmetrical
thatat thesmallvalues
dynamicpitch.
sectionpropeller,itmaybe noted.
of V/nD thereisa markedincrease
in thevalueof thepowercoefficient.The resultis thatthe
efficiencycurveat thispointis concaveupwardand the,effi-
ciencyis somewhatlessthanforeitherpropellerNo.3 orNo..
27. The risein thevalueof
tobe dueeitherto increased
or toflutter,or toboth. A
noted
As a
at the
matter
extre.ueslip.
CP at extremeslipisbelieved
pitch,fromwarpingunderload,
decidedincreaseinnoisemade
of interest,valuesof 09, ct, and q
werecomputedfor thispropellerfromthe
Theyareas follows:
v/nD CP
.4 :0484
.5 .0451
.6 l0388
.7’ .0281
.8 .o~69
c!~
.0749
.0675
.0524
“.0336
.0173
simpleairfoil”
~,
.6i9,
.748
.810
.838
.817
theory.
*
.
l.
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On comparisonwithFig.3, itwillbe seenthatthecoeffi-
cients CpandCt as ccmputedareconsiderablyess(5 to15%)
thanthosederivedfromtest. The observedandcomputedeffici-
.
enciesareg?merallyclose,themaximumdifferencebeingabout
3$.
.
TableI
ModelPropeller187
FreeWindStream
ObservedData
pT2/2’”
3.231
3.339
3:339
3.438
3=483
3.618
3.654
3:645
3.672
3.744
1.827
1.422
.360
3.330
3:771
3.132
P
oO02285
.002285
.002285
.002276
.002275
.002270
~002269
-002269
.002269
.002266
.002271
.0022’71
.002271
.002289
.002273
.002273
Apr
53.1819l 88
54.0622-(.)3
54=0623.91
54.9626.58
55!34 29.29
56.4632.52
56:”7535.?6
56.6839.29
56.8942.82
57~48 46024
40.1143.70
35:3943037
17.8042.33
Apr
53.9424.07
57.6046.28
52.4945.30
T I Q
I
1 5,1926
.00
1.32
2.98
5.23
8.27
11.90
16.21
21Y17
26.79
33.07
33.07
33.07
33.07
1 14,
2,98
33.07
33.07
.137
.702
1.3C9
2.155
3.117
4.224
5.446
6.791
8.2gS
10.010
9.099
9.207
9.996
1926
1.324
9.91e
9.555
V/m Ct Cp
,,
.892:0000l0039
l818.0147.0164
.754.0281.0259
,699=0406.0347
.630.0523.0413
.579.0612.0455
.529.0689.0485
.481~0746.0501
.443.0795.0516
.414.0843,.0534
:306.0941.0542
.27s .09!56.0557
.140.1003.0635
.747.0277.00258
l4-5 .0839.0527
.386.0875l 0530
T!
.-
.000
.733
.819
.807
.798
.779
.752
.716
.683
.653
*531
.46?
.221
.802
.660
.637
—
.-
L.
.-—
.
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Pv2/2
3~240
3.450
3.420
3.790
4.010
4.140
4.310
4.560
3.900
3.974
3.956
4.025
4.150
P
.002267
.002266
.0022’66
.002261
.002261
.002261
.002255
.002255
.002273
.002273
,002273
.002273
.002273
.002335
53.46
55.18
54*94
57.90
59.56
60.51
61.74
63.51
58.5!3
!59~Z6
59.00
59051
60.43
TableII
ModelProneller3
FreeWin&Stream
ObservedData
+-
15.69 “.58
19.64 3.47
19.64 3.68
27.9312.67
31.9418.44
35,8725.4S
40.OG 33.26
44.3042.30
17.85 1.30
20.48 3.49
23.23 6.60
26.7410.90
30.50116.55
17-GO 8.54
Q
.65C
2.010
1.990
5.465
7.4609l 5~;3
17-.950
14.(520
1*GEM
2.070
3.270
4.880
5.800
2,070
v/riD
1.136
.957
.933
.691
.622
.562
-515
,478
1.094
.963
.847
.742
,660
lo~o
Ct
.0128
.0490
.0520
.0987
.0987
.1082
,1138
r1180
.0222
.0452
.0664
.b828
.0966
.1562
CP
.0301
.0595
.0589
.0800
.0836
.0852
.0856
.085+
.0380
.0561
.0689
.0776
.0931
.0793
l484
.772
.823
.766
.734
.713
.685
,661
.638
.7?6
.817
.792
.768
.000
.
0
.4. i?.fi.C.A.TechnicalNoteNo.246
pv2/2
3:24
3.39
3.72
3:91
3:93
3.97
4.00
4.07
4,09
4:274*44
4.61
2.06
2.24
2*44
2.66
--
.00224453l74
.00224454.9?
.00224457.5E
.00228558.5C
.00228258.6C
.00228258.98
.00227959l2’5
=00227959.76
.00233559.18
.00233560.47
.00233561.67
.00233562.84
.00232842.08
.00232843.87
.00232745.80
.00232747.82
.002220 --
1. Durand,W. F.
and ..
Lesley,E. P.
2. Durand,W. F.
and ..
Lesley,E. P.
Table-111
ModelProneller27
FreeWin&StT=am
ObservedData
n
15.85
19*3C
23.5C
18-50
:.3.so
20.30
22.40
25.20
28.30
31.60
35.00
33.’70
29.00
32.80
36.60
40.20
24.20
T
l43
3.41
7.87
1.76
1.81
3.76
6.32
10.37
15.63
21.61
28.36
36.30
21.62
28.77
36.65
45.64
18.50
References
Q
.94L
2.24C)
4.050
1*738
i.635
2.5043.520
5.030
7,000
9e069
11.31’)
L3.S30
7:780
LO.053
!.2.510
15.130
4.698
v/nD
1.130
.950
.817
1.054
1..C5O
.968
.882
.’730
.697
.638
.58’?
.541
.484
.446
.417
l337
.000
c~
.0094
.0504
.0784
.0278
.0283
.0494
.06a2
.0885
,1032
l1144
l3J324
.1282
,1363
.1418
l1451
.1498
.1757
a
Cp n
.0431 :247
.0593.690
.0845.75al“-
.0575.509
.0535.556
.0699.694
.0796:756
,0908.770
.0968.743
m1004.727
*1022.703
B1030.673
.1027.642
.1037.610
.1037.584
m1040.572
.09341.000
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Appendix
Comparisonof the
9
SymmetricalSectionPropellerCharacteristicswith
Thoseofa StandardDu.randYodel.
By FredZ. Weick,
LangleyMemormlAeronauticalLaboratory.
In comparingthes-ymmetriealsectionpropellerwithother
propellersof aboutthesamedynamicpitch,the efficiencyof
the symmetricalpropellerhasbesnfcundtobe considerably
higherovertheworkingrangeof V/nD, especiallyat low
slips.Thepowercoefficients,ho~,~ever,havebeenfoundtobe
lower,indicatingthata
somewhatlargerdiameter
sections.
propellerof thistypewouldhavea
thanonewithcommonflatfacedblade
Fromtheabovecomparison,itmightbe assumedthatthe
propellerwithsymmetricalsectionswouldshowa betterperform-
anceonan airplane,especiallyaroundmaximumspeed. This,
however,isnotnecessarilytrue. If thesymmetricalpropeller
had thesamedynamicpitchin feet,it wouldrequirea larger
diametertoabsorbthesamepower. Thusitwouldhavea lower,
dynamicpitch-diameterratio,andwouldbe workingat a lower
valueof V/nD, whereitsefficiencywouldbe somewhatlower.
By thiscmpariscm,therelative ffectiv~essof thepropel-
lersisbutvaguelyandindefinitelyshown.
.—
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A bettermethodof comparisonis onetakenfromthepoint
of viewof theperformancerequiredofa propelleronan air-
plane. A propellermustabsorba givenpowerat a-certainfor-
wardvelocityandat a definitenumberof revolutionsperunit
time. A nondimensionalcoefficientconvenientlyinvolving
thesefactorsis
.,..,
J-Pv=Pna
where V = velocityofairplanein
n= revolutionsper sec.of
ft.persec.
propeller.
1? = powerabsorbedin ft.lb.pcr sec.
P = massdensityof air in slugsper cu.ft.
. . . .
Theefficienciesofdifferentpropellersoperatingat the
sameV(alucof m
J Pn2
givea directcomparisonof theiref- ““-”’--
fectivenessunderthesameoperatingconditions.In orderto
comparetheeffectivenessof twopropellersof similarplan
formbutwithdifferentsections,theirefficiencycurves
.. .
shouldbothbe maximumat thesamevalueof theperformance
. .
~
coefficient/~~” Thenthe efficienciesplottedagainst
r
PV5 willafforda directcomparisonof theeffectiveness
Pn2
of thepropellersat alloperatingconditions.
It is
al section
propellers
desirableto comparetheefficiencyof thesymmetric-
propellerwiththatof oneof thestandardDuraand
havingthesameplanform. Themaximumefficiency
49 N. A.CDA. Technical
of thesymmetrical
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d“
propelleroccursat a valueof theperform–
,..
.,, ,,.
antecoeffi.c.i,entof
m=m= @=2:”* “-
.DurandpropellerNo.3 alsohas itsmaximumefficiencyat ap-
proximatelythesamevalue~f
r
f3’,T5— In Fig.6 theeffici- ___
T.
encie”s’‘ofbothpropellersareplottedagainstvaluesof
E 6 Itwillke noticedthatthemaximumefficienciesare2°
practicallythesameforbothpropellers,indicatingthattheir
.....
effectivenessi aboutequalat highspeed.At thelowervalues
‘f Jg correspondingto climbin-gspeeds,thesymmetrical““
sectionpropelleris slightlybetter,but throughouthewhole
workingrangethecurvesfolloweachotherwithinthelimits8
of experimentalerror.
of
Fromthepointofvie~loperatingefficiencyonan airplane,
therefore,thereis littleto choosebetweenthe twoformsof
propellers.
,
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